ELECTRICAL MEASUREMENTS AND THEIR INDUSTRIAL APPLICATIONS 



A PEAK-READING POWER-LEVEL 
INDICATOR for MONITORING 
CAST and SOUND RECORDING CIRCUITS 

• THE SHORTCOMINGS of existing 
types of power-level indicators are matters 
of common knowledge to both the chief 
engineer and the man who "rides the gain*' 
in the monitoring booth. Old-style, sluggish indicators, however well 
they may read the r-m-s average of power levels, are useless for indicat¬ 
ing the rapid surges of power in speech and music transmission. These 
sudden peaks of short duration cause circuit overload with its attendant 
transmitter distortion and light-valve clash in sound recording. The 
newer high-speed meter movements, on the other hand, follow the minor 
level fluctuations so faithfully that the eye has difficulty in interpreting 
the readings, and their continued use results in eyestrain and fatigue. 

The ideal meter characteristic is one having a fast upswing so that 
true amplitude indications are obtained on the shortest pulses of speech 
and music, while a slow return movement makes it |>ossihle to observe 
the peak amplitude and eliminates the fatiguing erratic motion charac¬ 
teristic of the rapid return swing. 

This arrangement, used in modern broadcast modulation monitors, 
was originally agreed upon as a result of conferences on broadcast 
modulation monitors s|M>nsorcd by the Federal Communications Com¬ 
mission. Attending the conferences were representatives of the Com- 

FlGlRE 1 . Panel view of the Type 686-A Powcr-Lc\cl Indicator 
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Figure 2. Photograph of the indicating 
meter. The main scale is black on u yellow 
background. The decibel scale is red. Two 
lamps behind the panel illuminate the scale 

mission, the broadcasters, and leading 
manufacturers of radio instruments. 
Tests and demonstrations of differ¬ 
ent types of meter movements were 
made through the courtesy of Bell Tele¬ 
phone Laboratories in New York City. 
These conferences were the basis of the 
Federal Communications Commission 
specifications for modulation monitors. 
The desirability of this type of monitor¬ 
ing indication has been amply demon¬ 
strated by the modulation monitors, and 
this has served to emphasize the need 
for a similar system in audio-frequency 
monitoring. Among the advantages of 
such a system are: 

(1) A more accurate indication of 
peaks is obtained. 

(2) The meter is easy to read without 
eyestrain. 

(3) Because it gives the same type 
of j>eak indication as does the modula¬ 
tion monitor, audio-frequency power- 
level readings can be interpreted in 
terms of percentage modulation and 
peak readings accurately checked Irtiveen 
the studio and the transmitter. 


(4) By adding a 0-to-100 scale like 
that on the percentage modulation 
meter, the reading of the power-level 
indicator can be made to coincide with 
that of the modulation monitor. 

(5) The psychological effect is excel¬ 
lent in that the meter seems to show the 
audio wave as it sounds to the ear from 
a monitoring loudsjieaker or head¬ 
phones. 

TYPE 6 8 6 - A POWER-LEVEL 
INDICATOR* 

General Radio's new Type 686-A 
Power-Level Indicator, shown in Figure 
1, has the high-speed, slow-return meter 
movement just described. Designed to 
meet a set of rigid specifications for 
electrical performance, it registers faith¬ 
fully and follows accurately the peaks 
occurring in speech and music. Particu¬ 
lar attention has been given to mechani¬ 
cal features such as ease of reading and 
accessibility of tubes and other compo¬ 
nent parts. 

CIRCUIT 

The circuit is that of a full-wave 
vacuum-tube voltmeter with a linear 
preamplifier. Since the input impedance 
is resistive and constant with amplitude, 
no distortion is introduced into the 
channel across which it is connected. 
This impedance is greater than 15,000 
ohms, resulting in an insertion loss of 
less than 0.15 decibel. Consequently, a 
negligible amount of power is absorbed 
from 500-ohm transmission lines. 

METER 

The indicator is a large high-speed 
Weston Model 643 Meter. The needle 
reaches its maximum deflection in ap¬ 
proximately 0.15 second which means 
that it will res|>ond to tiie shortest 
pulses occurring in most speech and 
music circuits. The mechanical damping 

*Thi» instrument bu been developed in collaboration with 
the Columbia BroadraaUng Syatcm. Their aaautanre in 
deaign and (rating ia gratefully acknowledged. 
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stops the swing ut maximum amplitude 
with no appreciable overshoot, and an 
electrical delay circuit, composed of 
capacitance and resistance, allows it to 
return slowly toward zero. In this way 
the meter registers accurately each |>eak, 
but appears to "float” on the peaks 
without erratic movement. 

The meter scale, shown in Figure 2, is 
printed in simple hold figures on a soft 
yellow' background. The main scale, 
reading from 0 to 100 , can be used to 
indicate per cent modulation, jier cent of 
modulation capability, per cent utiliza¬ 
tion of channel, or percentage of any 
arbitrary limit. An auxiliary scale read¬ 
ing in decibels is also provided. The scale 
is illuminated from behind the panel so 
that it is easily read in dark monitoring 
booths. The upper range of the scale 
above 100 is colored red as a warning 
against small overloads. 

RANGE 

A wide operating range is provided. 
Zero decibels on the meter, which is 
about three-ijuartcrs of the w r ay up¬ 
scale, correspond at greatest sensitivity 
to an operating circuit level as low as 
— 20 decibels. \ level of —40 decibels 


represents a deflection of about 1 4 inch 
and is easily readable. The maximum 
level is -+-33 decibels. The operating 
level of the instrument is adjustable by 
means of a 10 -step switch in 2 -decibel 
steps and a key-switch multiplier. 

OTHER DESIGN FEATURES 

No power transformers or fdter choke 
coils are used. Therefore, the instru¬ 
ment cannot induce 60-cycle hum into 
surrounding high-gain amplifiers by in¬ 
ductive pickup. All lubes are easily ac¬ 
cessible from back of relay rack. The 
input may be connected to a terminal 
board in rear or to normal-through 
standard double patch-cord jacks a l 
front of panel. This feature is especially 
useful when the instrument, although 
permanently connected in one channel, 
is desired to check another system w hich 
cannot be patched in through the regular 
patchboard. The power input terminals 
are shown at the right of Figure 3. The 
attachment is designed to hold BX cable 
which can be wired directly to the term¬ 
inals shown. — Arthur E. Thibssen 



Figure 3. Rear view of the power-level indicator with dust cover removed. Note that all tube* 
are easily accessible from the rear 
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SPECIFICATIONS FOR TYPE 68 6 - A POWER-LEVEL INDICATOR 


Powar-Level Range: Zero deciM* on ihr 
rneter scale (1(H) on black scale) will represent 
from —20 to +30 decibels, deluding on at¬ 
tenuator netting. Total over-all calibrated range 
— 10 to +33 decibels. All ratings are for a zero 
level of 6 milliwatts in a 500-ohm line. Calibra¬ 
tion at other zero levels or for other line imped¬ 
ances can be supplied on order. 

Frequency Characteristic: The frequency re- 
spouse is Hat within one decibel from 60 to 
10.000 cycles; within two decibels from 10 to 
12,000 cycles. 

Vacuum Tubes: Five all-metal tuln** are used, 
easily accessible from back of panel: 

Type 


686- A 


3 — Type 6F5 
1 — Type 6116 
1 — Type 25Z6 

Calibration: The instrument is precalibrated 
at the factory, and any change resulting from 
tube replacements can be easily corrected by 
the user. 

Power Supply : 115 volts alternating current, 

50 to 60 cycles. 

Mounting: Standard relay-rack mounting, 10 
inches by 5^ inches; depth behind panel. 8)j 
inches; black crackle panel finish. 

Net Weight: 23)^ pounds with tubes and 
accessories. 


Code (Cord 

Price 

ANGER 

$195.00 


Thu Instrument U lirenwil under patron of ihtt American Telephone and Telegraph Company, solely for utilisation in meirdi, 
invraligation. measurement, testing, instruction, and development work in pare and applied science 


AN ULTRA-HIGH-FREQUENCY OSCILLATOR 


• THE WIDENING FIELD of usefulness for 
ultra-high frequencies in radio communication 
ban naturally stimulated the development of 
equipment for making measurements ut those 
frequencies. Measurements of such factors as 
reactance, resistance, dielectric constant. |»cr- 
meability. and power factor arc necessary ImiiIi 
to prove the acceptability of existing designs 
and to provide a basis for the development of 
new designs and the application of new* materials. 


A prerequisite for measurements at any fre¬ 
quency is a satisfactory power source. The 
author, a member of the staff of the Department 
of Electrical Engineering at the Massachusetts 
Institute of Technology, has develo(>ed for this 
purpose the ultra-high-frequency oscillator de¬ 
scribed here. The work was a joint research 
project of M. I. T. and the General Radio 
Company. 

— Editor 



Vacuum-tube oscillators for operation 
at ultra-high frequencies have received 
considerable attention in the last few 
years. Improved vacuum tubes have per¬ 
mitted the use of circuits which govern 
the frequency of oscillation to a much 
greater degree than is possible at these 
frequencies with the older anti more 
conventional tubes. Several tank cir¬ 
cuits for frequency stabilization have 
been developed, notably the parallel- 
wire and coaxial transmission lines and 
llie Kolster toroid. None of these, how ¬ 
ever, meets all the requirements for a 
satisfactory laboratory source. These 
requirements are as follows: (1) A high 
degree of frequency stability under vary¬ 
ing external conditions, (2) a confined 

Figire 1. The complete oscillator 
consisting of tank circuit ami vacuum 
tube. The over-all height is 7 inches 
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Figikk 2. Sectional view of the tank circuit 
showing details of assembly 

electromagnetic field, (3) ample output 
for use as a source for high frequency 
measurements, and (4) a convenient 
physical size. A good compromise be¬ 
tween these conflicting requirements has 
been achieved in a new oscillator utiliz¬ 
ing a vacuum tube* especially designed 
for the ultra-high frequencies coupled 
to a lumped concentric-elcment tank 
circuit. 


5 


IT 


This tank circuit consists of an outer 
containing-cylinder with a cylindrical 
piston-shaped insert. Referring to Figures 
2 and 3, it is perhaps simplest to con¬ 
sider the oscillator) tank circuit as an 
L-C circuit, whose capacitance is that 
formed by the outer cylinder and the 
large inner copper tube, and whose in¬ 
ductance is that obtained by the field 
surrounding the inner copper rod. The 
dimensions of the tuned circuit are 
sufficiently small in comparison with the 
wavelength to permit its treatment as 
a lumped circuit. 

The effectiveness of this oscillatory 
circuit for frequency stabilization is the 
result of the low losses in its component 
elements and of its connection to the 
vacuum tube in such a manner as to 
appear as a circuit with elements of low 
reactance. For the oscillator illustrated, 
which has an outside diameter of slightly 
more than 4 inches, the tank capacity is 

'kelly, M. J.. and A. L. Samuel. ''Vacuum Tul»c* a- High 
Frequency Oscillator.," E. E.. Vol, Mil. No. 11, Nov., 1934, 
pp. 1504-1517. 



Ficche 3. The conccntric-element tank circuit taken apart. The outer brass shell is shown on 
the left, the inner copper cylinder on the right. The brass disc in the foreground closes the 
brass cylinder after the 
copper insert has been 
placed in |H>sition. The 
small copper cylinder, 
located eccentrically on 
a shaft passing through 
the disc, was used in 
conjunction with the 
large copper cylinder to 
form a small, variable 
condenser for the ad¬ 
justment of the fre¬ 
quency to a particular 
value, 'flic grid-block¬ 
ing condenser made of 
a brass plate, separated 
from the brass disc by 
a thin mica sheet, is 
the support for the grid 
rod. 
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about 130 /u/jf. ami the* tank inductance, 
about 18cm (18 \ 10~ tt li). At its operat¬ 
ing frequency of UK) Vic the Q of the 
resonant circuit is approximately 2500. 

The properties of this oscillator which 
are of interest here are the effect on the 
frequency of oscillation of variations in 
electrode voltages and other external 
conditions, the effect of loading, and the 
drift in frequency during the warming- 
up period. 

The change in the frequency of oscil¬ 
lation produced by a variation in the 
applied plate voltage is given in Figure 
4. There is also given in the same figure 
a similar curve obtained when the oscil¬ 
lator was connected to a resistive load 
so as to produce 4 watts output to the 
resistor with a plate-circuit efficiency of 
20^' at a plate voltage of 400 volts. The 
stability for the loaded condition is 
naturally not so good as that obtained 
for the oscillator unloaded because of the 
increased losses of the complete system, 
but it is much better than the stabilities 
of earlier types of oscillators for this fre¬ 
quency region*. 

because of the method used in the 
measurement of these changes in fre¬ 


quency, these results contain no appre¬ 
ciable drift effect and can be considered 
as essentially dynamic measurements. 
That is. the effect of physical changes 
in the oscillator as a result of varying 
thermal conditions was minimized in 
order not to mask the effect of dynamic 
changes in the tube parameters. 

A rapid variation of the applied fila¬ 
ment voltage produced only a very small 
shift in the frequency. However, a slow 
variation in the filament voltage which 
permitted the thermal equilibrium of the 
filament to readjust itself produced a 
change in frequency opposite in sense to, 
and somewhat greater in magnitude 
than, that produced during the rapid 
variation of the plate voltage shown in 
Figure 4. 

The ambient temperature coefficient 
of frequency of the oscillator has been 
made less than the temperature co¬ 
efficient of expansion of the individual 
metals which are used in the tank circuit. 
This reduction has been accomplished 
by the proper utilization of the differing 
temperature coefficients of expansion of 
brass and copper to produce a tank 

'-Dennharfll, A., "Leber Mehrrohr»<haltunfrn fur *ehr 
hohe Fret|ueii*en," Zeiuehrifl fur Horh/rrtfuen^rrhniH, Vol. 
XXXV. Nn. (», June. 1930, pp. 212-223 

Vnutrom. W. It., "An I'lsperitnenla! Study of Rrgcnrr- 
stive I lira-Short-WavrOwdlator*." Proc, /. R. Vol. XX. 
January. 1032. pp. 113-130. 
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I’u.iui- 1. (Jiauge in frequency produced by 

a variation in upplied plate voltage. The upper 
curve is taken at no load, the loner with a load 
of 4 watts 



FlGl'RB 5. Drift in frequency of oscillation 
during warming-up period at plate voltages of 
250 volts and 400 volts 
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capacitance with a negative temperature 
coefficient which approximately balances 
the positive teinjierature coefficient of 
the inductance. By this means, an 
ambient temperature coefficient of fre¬ 
quency of less than 5 parts per million 
per degree Centigrade is readily achieved. 

The drift in frequency of oscillation 
during the warming-up period for the 
unit illustrated is given in Figure 5. 
This drift, which is approximately pro¬ 
portional to the input power to the plate 
circuit, is primarily a result of changes 
in the spacing of the tank condenser be¬ 
cause of the temperature differential 


developed in the oscillator. By a change 
in the design of the given tank circuit, 
this drift can be materially reduced. 
However, to accomplish this reduction, 
the physical size should he increased, or 
the resultant frequency stability during 
varying electrode voltage conditions will 
be lessened, 'rims, for a given applica¬ 
tion of this type of oscillator, unless 
compensation means are used, a design 
which effects the best compromise for 
that application should he adopted. 

Arnold Peterson 


TYPE 41 8 - G DUMMY ANTENNA 


• TENTATIVE SPECIFICA- 

T I 0 N S for a new standard dummy an¬ 
tenna for receiver testing have been 
adopted by the I.R.E. Standards Com¬ 
mittee on Radio Receivers. Previously 
two dummy antennas were recom¬ 
mended to simulate the characteristics 
of a standard receiving antenna. One of 
these, intended for use between 540 and 
1600 kc, consisted of a series* circuit 
containing 200 ggf, 20 ph, and 25 ft; the 
other, for use at higher frequencies, was 
a 400-ohm series resistance. 

The new r standard dummy antenna 
approximates both these characteristics. 
Its minimum impedance is 220 ohms, 
mainly resistive, at 2200 kc. The im¬ 
pedance approaches 400 ohms resistive 
at higher frequencies. The circuit con¬ 
stants and the impedance characteristic 
of the antenna are shown in Figure 1. 

The new Type 418-G Dummy Anten- 

SPECIFICATIONS 

Dimensions: (Length) t 1 * x (diameter) I 3 * 
inrhcH, over-all. 

Met Weight: 6 ounces. 

Type Code Word Price 

418-G ditch $10.00 

Figl-RE 2. Photograph 
of the dummy antenna 



na is designed to these specifications. It 
is mounted in a cylindrical metal case, 
with plug and jack terminals to fit the 
Type 605-A Standard-Signal Generator 
and its output cable. 
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MISCELLANY 


• THIS YEAR'S unusually brisk sea¬ 
son of transatlantic travel was aug¬ 
mented on the week-end of September 19 
by the return of General Radio’s treas¬ 
urer and the departure of its president. 
Mr. Richmond, returning from several 
weeks in western Europe, brings a full 
<juota of photographs, including several 
excellent views of our foreign sales 
agencies. Mr. Eastham, leaving for a 
vacation of about three months, plans 
to spend some time in eastern Europe. 

• TYPE 6 8 6-A POWER-LEVEL IN¬ 
DICATOR, described in this issue of 
the Experimenter . was designed by A. E. 
Thiessen and Frederick Ireland. 

• IF YOU ARE ATTENDING the 
Rochester Fall Meeting of the Institute 
of Radio Engineers, be sure to call at 
the General Radio booth. Measuring 


and test instruments for manufacturers 
of receivers and parts w ill be on display, 
and a staff of GR engineers w ill be in 
attendance. 

• MR. ROBERT F. FIELD held his 
annual house party for GR engineers on 
the week-end of September 19 at Lake 
Winnipesaukee, New Hampshire. Nine¬ 
teen attended and made full use of the 
available facilities for sailing, swimming, 
tennis, badminton, and other outdoor 
sports. A Saturday guest was Elec¬ 
tronics* Editor. Keith llenney. whose 
Leica was much in evidence. Those 
familiar with Mr. Henncv's prowess in 
the field of portraiture w ill be interested 
in the marine scene shown above. His 
erstwhile |H>rtrait victims at General 
Radio wish him all possible success in 
this new field. 


r M^HE General Radio EXPERIMENTER is mailed without charge each 
month to engineers, scientists, technicians, and others interested in 
communication-frequency measurement and control pmblems . When 
sending requests for subscriptions ami address-chan ge notices , please 
supply the following information: name , com/utny name, company ad¬ 
dress . type of business company is engaged in, and title or p€>sition of 
individual . 

GENERAL RADIO COMPANY 

30 STATE STREET CAMBRIDGE A, MASSACHUSETTS 

BRANCH ENGINEERING OFFICE —90 WEST STREET, NEW YORK CITY 
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